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Department of Marine Systems

Numerical modelling
- operational forecast

- process studies

In situ measurements
- experiments for process 

studies

- research vessel

Operational 
measurement stations

-instrument/system 
development

-monitoring service

Remote sensing

- Satellite (radar, optical)

- drone

Marine ecology 
laboratory

- 18 certified methods

Climate services
- Downscaling national 

climate projection

- Digital Twin applications
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User need for Digital Twin of the Ocean and marine 

test areas

- Need to assess and forecast impacts (minimize negative impacts) of 
offshore activities such as offshore construction, navigation, 
aquaculture,  environmental impact assessment, safety-security at sea, 
etc.

- User groups and impact sectors (policy makers, state authorities, 
industry, researchers) need:  

- (1) data driven solutions to make scientifically sound 
decisions related to the activities at sea and 

- (2) marine test area for validating and implementing novel 
technologies for empowering maritime sector
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Challenge: 

(1) developing interactive data driven impact assessment/forecast models and sensing technologies to 

support DT services;

(2) integrating different data sources to support knowledge based investment/management decisions;

(3) agreeing on the location on test areas that are suitable for all counterparts;

(4) equipment/investments for the test areas to assure effective experiments for marine industry.
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Digital Twin (DT) of the Earth/Ocean/Baltic Sea

-Digital Twin is a dynamic and 
interactive information system that

- provides a digital replica of the past 
and current states of the ocean/sea, as 
accurately and timely as possible,

-allows for computing forecasts of 
future states under nominal 
assumptions and based on the current 
replica, and

- offers the capability to investigate 
many hypothetical scenarios under 
varying impact assumptions. 
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Marine Test Area

Marine test area - a national facility that's helping 

to drive innovation in maritime sector.

An important part of the  test area is dedicated support 

infrastructure, which is located in various regions of the Estonian 

coastal sea and in sea areas managed by cooperation partners.

Cooperation between partner institutions: industry, academia and 
state 

Development of the concept of the complex offshore test beds 
necessary for:

- developing and testing new marine technologies
- development and validation of digital twins.
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Destination Earth On-Demand Digital Twin (DE330)
Operational Service

▪ Provision of on-demand high resolution (500m) meteorological 
forecast for extreme events/situations at sea
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Destination Earth On-Demand Digital Twin (DE330)
Eastern Baltics Sea pilot area
▪ Forecast of extreme events for Baltic Sea

1. Extreme event detection +144h from 
probabilistic (different model scenarios) marine 
weather forecast. 

2. application of high resolution meteo for sea level 
and wave height forecast -> what-if scenarios

▪ Use cases
(a,b) Near-Realtime operational detection
(c) On-Demand simulation (2023 Oct)
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Coastal water quality and erosion
Port constructions and water outlet
▪ Assessing potential impacts of new 

coastal developments i.e. what-if-
scenarios 

▪ estimating LNG quay impacts to water 
quality and coastal erosion

▪ Kopli stormwater discharge impact 
area: choosing discharge locations 
based on different scenarios 
(locations). 
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“Kopli lahe põhja- ja pinnahoovuste aastaringse dünaamika

ja seda mõjutavate looduslike ja antropogeensete tegurite uuring”
Tallinna Keskkonna- ja Kommunaalamet
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https://www.etis.ee/Portal/Projects/Display/30ab045f-9412-4896-b6cf-337a3def0ecf
https://www.etis.ee/Portal/Projects/Display/30ab045f-9412-4896-b6cf-337a3def0ecf
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Contaminants from shipping
Antifouling paint impact

▪ Contaminants from the shipping 

▪ Cases:   Baltic Sea // Tallinn Bay
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Vase konsentratsioon pinnakihis, 
mis on tingitud laevade kaitsevärvidest
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Vase koormus kattumisvastastest värvidest aastal 2020 [log10 g ] ja 
määrusega ette nähtud STS/punkerdamise alad (lilla) (a). 
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Energy potential analysis 
Marine heat energy - 3D

▪ Finding the suitable deepwater thermal 
properties for residential heating

▪ What-if cases for water intake and outlet: 
Estonian Coastal sea Hundipea. Location of intake 
location and temporal availability of thermal 
resource (>2.5 oC)

TemTa-38- „Mere Taastuvenergia Digitaalne Kaksik“ (ETAg)

Elken, J., Maljutenko, I., Lagemaa, P., Uiboupin, R., and 

Raudsepp, U.: Oceanographic preconditions for planning 

seawater heat pumps in the Baltic Sea – an example from 

the Tallinn Bay, Gulf of Finland, in: 8th edition of the 

Copernicus Ocean State Report (OSR8), 2024
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Climate Services
Daily update of regional marine heatwave extent and ice extent 

(cmems.msi.ttu.ee)

11rivo.uiboupin@taltech.ee 14.01.2024



TALLINN UNIVERSITY OF TECHNOLOGY
DEPARTMENT OF MARINE SYSTEMS

Sea ice impact on offshore constructions 
Offshore construction impact on ice field

▪ Simulating sea ice ridge 
probability in Gulf of Riga 
based on Climate_DT data

▪ Case study of sea ice 
deformation in the gulf of Riga 
affecting the offshore 
construction. 
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Gulf of Riga 2011 February
Case study of the ice drift through 
WindFarm development area 
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Key message

Cross-sectoral Digital Twin of the Baltic Sea and national
Marine Test Areas for technology development are a
“MUST BE” to support the maritime industry and
sustainable use of marine environment.

We need to:

(1) develop interactive data driven impact assessment/ forecast

models and sensing technologies;

(2) develop data integration methods to support knowledge based

investment/management decisions;

(3) agree on the location on test areas (mini DTs) that are suitable for

all counterparts;

(4) equipment/investments for the test areas to assure effective

experiments for marine industry.
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Conclusions on DTs

- DT’s combine monitoring, forecasting and „what-if 
scenarios“ to assess and predict potential impacts 
related to activities at sea.

- DT’s contain wide range of datasets: 
- from operational to climate time scales
- from prices in situ observations to high resolution 

satellite data
- Direction on extensive use of AI/ML solutions and HPC 

resources.
- There is a need for various impact models that aadress 

the specific needs of impact sectors:
- off-shore construction, MSP, navigation, disaster 

management, security, adaption to climate change 
etc.

- Strong need for regional co-operation to develop DTOs  
(including sectoral impact models and aplications) for 
Baltic Sea.
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Department of Marine Systems (MSI) at TalTech

▪ Structure/divisions

▪ Division of marine physics

▪ Division of modelling and remote sensing

▪ Marine ecology lab

▪ Staff: ca 50 persons, including 21 PIs with PhD degree and 11 PhD students

▪ What do we do?

▪ Process studies of marine environment

▪ Operational monitoring and forecasting systems to support activities at sea

▪ Big data reanalysis for maritime sector

▪ Atmospheric physics and meteorology (incl. climate modelling)

▪ Marine ecology and chemistry (microplastci, environmemental DNA, ecotoxicology)

▪ Implementing methods: in situ measurements, autonomous measurements and operational monitoring, 
numerical modelling, certified lab analysis,  remote sensing methods.

Department of Marine Systems is a oceanographic and atmospheric R&D unit
that:
(1) conducts on process studies to identify cause-effect relations,
(2) develops marine monitoring and forecasting services and
(3) contributes to sectoral science based higher education

▪ Research groups have been formed based on the divisions

▪ Research Group on Dynamics of Gradient Systems

▪ Research Group on Modelling and Remote Sensing of Marine 
Dynamics
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